After satisfactorily completing accredited training and passing an initial certifying examination, physicians in the United States become "board-certified" and designated as diplomates of a specialty board under the umbrella of the American Board of Medical Specialties (ABMS). The ABMS maintenance of certification (MOC) program extends the principles of learning and assessment beyond formal residency training and throughout the physician's career. It requires the physician to demonstrate professionalism (part 1), engage in life-long learning (part 2), pass periodic medical knowledge assessments (part 3), and participate in quality improvement (QI) activities (part 4). The certification process is based on professionalism, defined as the willingness of members of the profession to declare ("profess") to the public a practice based on the highest standards of competencies, integrity, and commitment to the patient's interests ahead of the interests of the physician. 1 Although many physicians have improved care and earned MOC credit for these efforts, the MOC program itself has been controversial in the physician community. Some have sharply criticized a perceived lack of published literature in support of MOC, arguing that there is no documented benefit that would justify the time and expense required to maintain certification. 2, 3 Others question the entire philosophical underpinning of requiring physicians to demonstrate knowledge and a commitment to improve care as part of a certification process, arguing that a valid license and participation in continuing medical education (CME) is sufficient. 2, 4 The purpose of this article is to address the rationale for MOC, review the existing literature on MOC, and explain the status and future direction of the American Board of Pediatrics (ABP) MOC program.
RATIONALE FOR MOC The Social Contract
MOC reflects the long tradition of physician professionalism voluntarily placing the patient first. Paul Starr's 1984 Pulitzer Prize-winning book, The Social Transformation of American Medicine, articulates the societal willingness to grant physicians respect, autonomy, self-regulation, and financial rewards in exchange for competence, altruism, moral behavior, and promotion of the public good. 5, 6 NICHOlS The Physician Charter, published in 2002 and now endorsed by over 140 medical organizations, reframes the social contract for the 21st century with the physician's commitment to set and maintain standards of competence and integrity based on professional responsibilities, including updating scientific knowledge and improving the quality of care. 1 The ABP is part of this selfregulatory framework, with the mission of providing "…assurance to the public that a general pediatrician or pediatric subspecialist has successfully completed accredited training and fulfills the continuous evaluation requirements that encompass the 6 core competencies" (from the ABP mission statement). The certifying boards have targeted QI as the primary vehicle for a catalytic effect on care, in part because of the urgent appeals from the National Academy of Medicine that the health care system make QI and patient safety a priority. 7 -10 Reasons for the Shift to MOC Every year, pediatric training programs declare ∼4700 pediatricians, including pediatric subspecialists, competent for independent practice. This decision is based on years of close observation and assessment by faculty in the training programs, which are overseen by the Accreditation Council of Graduate Medical Education (ACGME). In 1999, the ACGME introduced a structured framework for these assessments based on the 6 core competencies of professionalism, medical knowledge, practice-based learning and improvement (ie, QI), systems-based practice, patient care, and communication. 11 The ABMS codesigned the core competencies with ACGME recognizing that the exponential expansion of medical knowledge and the growing societal expectation to improve practice and increase patient safety could not be satisfied by certification solely at graduation from training. Rapid changes in knowledge and practice would require the application of core competencies throughout a physician's career. 7, 10, 12 Therefore, the certifying boards moved from a single lifetime certificate to a requirement for MOC. The rationale for objective, external assessment as part of professional self-regulation arises because self-assessment of performance correlates so poorly with objective external assessment. 13 
IS MOC ASSOCIATED WITh BETTER CARE? A SUMMARy OF ThE MOC LITERATURE

Literature Search
Physicians care about the quality of patient care and have therefore rightly asked for published data on the relationship of MOC to patient care processes and outcomes. Without attempting a systematic review, PubMed and the Cochrane Library were queried for Englishlanguage, peer-reviewed journal articles published between January 1, 2000 until December 22, 2016 that addressed the relationship between MOC and patient care. Articles were included if (1) they described at least 1 patient care process or patient outcome and (2) participating physicians received MOC credit by an ABMS member board. In some cases, the description of clinical data and the role of MOC were separated into companion papers. Opinion pieces were excluded, as were articles that (1) represented specialties dissimilar to pediatrics in clinical context, training, or outcome measures (eg, all surgical specialties, anesthesiology, radiology, and pathology) and (2) focused on MOC physician engagement, psychometric analysis, or performance predictors. The search for the phrases "maintenance of certification" or "physician certification" yielded 276 citations, of which 263 were eliminated because they lacked either a documented clinical process or outcome, could not be linked to MOC, reflected specialties dissimilar to pediatrics, focused on nonclinical aspects of MOC, or constituted commentaries. Twenty-one additional citations meeting inclusion criteria were obtained from the author's personal library. The resulting 34 citations consisted of 33 cohort or QI studies (Tables 1 and 2 ) and 1 systematic review. Two-thirds of the studies were published within the past 24 months, suggesting a quickening pace of publication on the relationship of MOC to clinical processes and outcomes.
Complementary Perspectives of the MOC Literature
The research on MOC has adopted 2 complementary perspectives. One perspective is to treat MOC or the MOC exam as an intervention and ask the question, "What is the relationship between MOC and outcomes for the patient or the learner?" The second perspective treats MOC as an incentive or marker of participation in professional activities ultimately designed to improve health care and asks, "What happens to health care processes and outcomes during QI activities for which MOC credit is awarded?" Within the first perspective of MOC as an intervention, the tasks needed to complete the part 3 exam (learning) and the part 4 QI activity (gap analysis, learning, data collection, QI intervention, and data analysis) are treated as the MOC intervention that might affect a care process or outcome. The research addressing this question has largely come from internal medicine, family medicine, and emergency medicine by using cohort studies based on large insurance claims databases, such as the Medicare database.
In the studies adopting the second perspective, MOC credit informs the public (eg, parents, payers, hospital credentials, etc) of those physicians who have met a professional standard, and hence, MOC also acts as an incentive for participation. Most of these studies come from pediatrics, because the ABP has adopted the QI network or learning collaborative as the gold standard for its MOC part 4 activities.
Retrospective Cohort Studies on MOC as an Intervention
Eight retrospective cohort studies involving a total of 57 176 diplomates have examined 9 separate processes 3 Table 2 summarizes the results from 25 QI studies, where MOC part 4 credit was awarded to diplomates who have engaged in a formal process to improve care. The data are reported as interrupted time series investigations with baseline data followed by several cycles of QI interventions and repeated outcome measurements. A total of 2090 diplomates were included in the 16 studies that specify the number of physician participants.
The Impact of QI Activities for Which MOC Credit Is Awarded
Of the remaining 9 studies, 2 studies reported 7319 and 7924 performance improvement module (PIM) completions, respectively, but a 1:1 relationship between PIM completion and participating physician cannot be verified. 45, 46 Six studies list the number of participating centers or practices (N = 157). One report was from the National Improvement Partnership Network, which consisted of 15 statewide QI partnerships at the time of the report. 35 Five out of the 25 QI studies included control groups, and 2 out of these 5 were cluster randomized trials ( Table 2) . 22 -26 In the cluster randomized trial by LaBresh et al, 26 the intervention group using the ABP MOC QI strategies significantly reduced a composite measure of cardiovascular risk in children compared with the control group. Conversely, the cluster randomized trial by Simpkins et al 25 found no difference in the primary outcome measure of dispensed inhaled corticosteroids to adult asthmatic patients when the American Board of Internal Medicine MOC group was compared with the control group. Secondary outcome measures in the Simpkins et al 25 study showed mixed results.
Among the 3 studies with nonrandomized control groups, Fiks et al 22 found that MOCparticipating pediatricians increased the vaccination capture rate for human papillomavirus (HPV) by up to 5.7% compared with nonparticipating pediatricians. Vernacchio et al 23 determined that pediatricians participating in the MOC project increased the use of asthma action plans and asthma control tests significantly among their patients. The reduction in asthma exacerbations was significantly greater in 1 out of 3 cohorts of patients whose pediatricians participated in the MOC project compared with the patients under the care of nonparticipating pediatricians. The authors speculated that the absence of a difference in asthma exacerbations in the 2 remaining cohorts may have been due to diffusion of the MOC QI program knowledge or procedures to nonparticipating physicians in the same practice group. 23 Galliher et al 24 found that family physicians completing the American Board of Family Medicine (ABFM) MOC modules improved diabetes care and outcomes more than physicians who did not complete these modules. In summary, the majority of controlled studies showed improved processes or outcomes in the MOC intervention groups compared with the control groups.
The 20 QI studies without control groups employed standard QI methodologies to examine outcomes at baseline and then after ≥1 interventions ( Table 2 ). The ABP took an active role in promoting the early development of national pediatric collaboratives, and several publications cite the importance of MOC credit in achieving the QI goals (Table 2 ). For example, the National Pediatric Cardiology Quality Improvement Collaborative, involving 52 pediatric cardiac centers, achieved a 44% relative reduction in interstage mortality after hypoplastic left heart syndrome repair and acknowledged the importance of MOC as an incentive for participation in the collaborative. 27 Crandall et al 33 reported that the ImproveCareNow collaborative significantly increased remission rates for inflammatory bowel disease. ImproveCareNow was the prototype learning collaborative for MOC created by the ABP. 34 Similarly, Miller et al 29 described a 56% reduction in central lineassociated blood stream infections (CLABSI) among pediatric intensive care patients. A summary paper on exemplar learning collaboratives highlights that participating pediatric intensivists received MOC credit for reducing CLABSI rates through the Children's Hospital Association Quality Transformation Network. 30 Starmer et al 31 developed the I-PASS handoff system, which resulted in the 23% reduction of medical errors among pediatric residents. A separate methods paper from the same authors described the use of MOC as an incentive for participation in I-PASS. 32 Duncan et al 28 showed that a QI collaborative increased the use of "Bright Futures" preventive services during child well-visits. This collaborative functioned under the auspices of the American Academy of Pediatrics Quality Improvement Innovation Networks, for which MOC credit is awarded. The ABP gives MOC credit to faculty for supervising resident QI projects and an emerging body of literature has identified the value of MOC credit as an incentive to faculty who teach residents how to systematically improve the quality of their patient care. 51, 52 In summary, the preponderance of the existing literature supports the association of MOC with improved care and the importance of MOC credit as an incentive (Table 2) .
ChALLENGES OF ThE MOC LITERATURE
The authors of MOC studies have faced challenges that are often present in education, QI, and implementation research. 53 Although random assignment of subjects to an intervention and control group is considered a standard feature of high-quality research, the nature of board certification in the United States makes this criterion difficult to attain. Nearly all graduating residents attempt to become board certified, and confounding variables, such as age or graduating institution, separate those attaining and maintaining board certification from those who do not. 54, 55 Pediatrics faces some special challenges in MOC research. These include the scarcity of validated pediatric quality measures, small sample sizes in pediatrics, and the absence of a national pediatric database akin to the Medicare database for adults. 56 Even when these limitations are overcome, the measurable effect size of an individual physician's contribution to an outcome is likely to be modest among the many other factors that affect patient outcomes, including access to care, patient compliance, the contributions of other health care team members, and genetic polymorphisms. These factors notwithstanding, physicians have a professional obligation not only to deliver the best care, but to attempt to continuously improve care in the practice, community, and society. 57 In addition, the absence of validated quality measures need not always impede policymaking. For instance, a National Academy of Medicine committee on improving diagnosis in health care acknowledged the inability to measure the accuracy of diagnoses, but has nevertheless concluded that "…certification and accreditation organizations should ensure that health care professionals have and maintain the competencies needed for effective performance in the diagnostic process." 9
ACCEPTABILITy OF ThE MOC PROGRAM
The overall utility of any assessment program depends not only on the validity, but also on the acceptability of the program, particularly among those being assessed. 58 The examples in Tables 1 and 2 show that many physicians have successfully embraced the challenges of 21st century professionalism and demonstrably improved care in the context of MOC, yet a number of physician surveys have registered dissatisfaction with MOC across all specialties. 2, 3, 59, 60 Specific concerns have included the perceived burden, relevance, cost, and complexity of the MOC program. At the same time, hospitals have increased their reliance on MOC as a criterion for privileging. 61 A national survey of 3621 randomly chosen adult respondents indicated that 82% felt board certification was important or very important in the selection of a pediatrician. 62 Regular assessments of the pediatrician's quality of care and medical knowledge were important to 95% and 88% of members of the public, respectively. 62 The ABP and indeed all certifying boards have been trying to bridge this acceptability gap between physicians and the public by designing assessments that are relevant to practice and assigning credit to activities embedded into the daily physician workflow that increase learning or improve care. Improvements in the ABP MOC program illustrate this point.
ThE ABP MOC PROGRAM IMPROvEMENTS
The ABP has adopted an explicit value set that includes continuous improvement of its own programs. Through formal pediatrician focus groups and informal outreach, the ABP has solicited suggestions for the improvement of MOC. Hence, numerous improvements to the ABP MOC program have been added in the past 2 years and will be added in the coming years based on continuing dialogue with the pediatric community.
Part 2: Lifelong Learning
In response to diplomate requests to expand the number of options eligible for MOC part 2 credit, the ABP is collaborating with the Accreditation Council for Continuing Medical Education so that any CME activity that includes an assessment of learning and feedback to the learner may also offer MOC part 2 credit. Beginning in January 2017, participating CME providers will automatically notify the ABP once the pediatrician has completed the learning activity and received CME credit so that MOC part 2 credit can also be awarded by the ABP. Table  3 lists some of the types of learning activities and assessments that will qualify.
Part 3: Improvements to Periodic Knowledge Assessment; MOC Assessment in Pediatrics
The MOC Assessment in Pediatrics (MOCA-Peds) grew out of an ABP conference on the "Future of Testing, " which surveyed recent developments in the field of assessment and noted the call for regulators to drive learning as part of the assessment. 63 Therefore, the ABP has decided to build on pioneering work by the American Board of Anesthesiology and pilot a replacement for the secure test center exam that has offered 200 questions every 10 years.
With the pilot beginning in 2017, the MOC Assessment in Pediatrics will be a more continuous assessment and learning tool in which questions may be answered on a laptop or mobile device when it is convenient for the diplomate. Current plans call for 20 questions per quarter, which should not only give a more reliable assessment of knowledge (as more data points are collected), but also an enhanced learning opportunity with immediate feedback explaining the rationale for the correct answer and references for additional study. Although questions will need to be answered within a specific time and by the individual diplomate, books or online resources may be used when answering questions if so desired.
Part 4: QI Pathways
Over the last 3 years, the ABP has streamlined the QI component of MOC (part 4) with 3 goals in mind. First, diplomates need the flexibility to decide what areas of their professional practice to target for improvement efforts. Therefore, new MOC part 4 pathways emphasize the ability to "create your own" QI project with simplified documentation requirements. The ABP may also delegate approval authority for MOC part 4 to institutions (including American Academy of Pediatrics chapters) that have an MOC QI portfolio so that the relevant QI projects are decided by the institution, not the ABP. These efforts have resulted in a dramatic increase in the number of applications for QI credit-based activities designed by individuals, small groups, single institutions, or QI networks (Fig 1) .
Second, many pediatricians focus their professional activities in specific areas, such as education, research, administration, or advocacy. All areas are important and may contribute to improved health for children. Therefore, the ABP awards MOC part 4 credit for any professional activity that uses QI methodologies to improve the health of children.
Third, the ABP is acutely aware of the multitude of regulatory requirements that all physicians face. Hence, MOC part 4 credit is specifically designed to award credit for activities the pediatrician is already doing in response to other requests. For instance, educators who improve the quality of a training program to meet ACGME program evaluation and improvement requirements will get simultaneous MOC part 4 credit for that activity. Pediatricians whose practices achieve recognition as a patient-centered medical home by the National Committee for Quality Assurance (NCQA) automatically satisfy MOC part 4 requirements for 9 Individual performance compared with best practice is discussed and shared Journal peer (manuscript) review Assessment and feedback from editor Editor provides feedback on the adequacy of the review
FIGURE 1
Number of ABP diplomates receiving MOC part 4 credit each year for QI projects initiated by the individual, team, network, or institution. New pathways to "create your own QI project" and to participate in a PCHM were introduced in 2015.
by guest on August 31, 2017 Downloaded from an entire 5-year cycle. The patientcentered medical home has been associated with improved outcomes at lower cost for children with chronic diseases. 64 Participating pediatricians often qualify for incentive payments from payers. The NCQA has recently extended the medical home accreditation to specialty practices. For instance, if a hematology clinic at an academic medical center becomes accredited by NCQA, the participating hematologists may receive a full 5-year cycle of MOC part 4 credit. These examples illustrate QI activities highly relevant to pediatric practice that qualify for MOC part 4 credit.
Cost
The ABP has listened carefully to concerns about the cost of MOC. Fees have been frozen for the past several years, and there has been a longstanding policy to waive the MOC fee for the first 5 years after graduation from residency. Nevertheless, the principal complaint has been around charging a lumpsum fee ($1304) every 5 years for MOC, which was viewed as a burden by many and exceeded the limits of professional expense accounts offered by some pediatric practices. To address this concern, the ABP will also offer an annual payment option ($275) beginning in 2018. By comparison, the annual fee is lower than specialty society dues and compares favorably with the fees charged by other certifying boards. An economic analysis of MOC should also balance expense against income and acknowledge that the income potential of board-certified physicians exceeds that of noncertified ones. 65 
CONCLUSIONS
Pediatrics has a distinguished history of placing the patients' needs first, not only through the actions of individual pediatricians but as an entire profession willing to hold itself accountable to a set of professional standards. The rapid changes in scientific knowledge, technology, and society as well as high public expectations have called on our profession to demonstrate this commitment anew for the 21st century. Although not every study shows a positive effect of MOC and methodologic challenges remain, a rapidly growing body of literature has demonstrated that MOC is associated with better care or has been an incentive for physicians to collaborate in systematically improving patient care and outcomes. The ABP's commitment to listen carefully to pediatricians and continuously improve the MOC program is leading to enhanced flexibility and relevance of the program without increasing costs to the diplomate. The ABP will continue to nurture relationships with pediatricians, patients, parents, and families with the shared purpose of healthier children for the future.
